Singapore's population is one of the most rapidly ageing in Asia and an estimated one million or 20% of the country's population will be 65 years or older by 2030 [1] . Almost a quarter of semi-ambulant and non-ambulant Singapore elderly stay alone or with their elderly spouse [2] . These patients face many challenges after discharge from hospital that increases their risk for unscheduled readmissions. Moreover, primary care and home care in Singapore are relatively lesser developed compared to tertiary care. The misalignment in financial incentives between publicly-funded tertiary care and principally fee for service primary care impedes vertical integration and right-siting of patients across the care continuum. Looking forward, healthcare expenditure is expected to triple from S$4 billion in 2011 to S$12 billion in 2020 [3], driven mainly by inpatient cost. Notwithstanding policy refinement that continue to incentivise care integration, the need to reduce the dependence on high cost hospitalcentric care is driving a concerted search for scalable new models of integrated care delivery.
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Integrating medical and social care is therefore the foundation to improving health outcomes in the transition period from hospital to home. Care integration is expected to achieve better health outcomes [4, 5] and reduce cost by improving coordination of care as exemplified by trials improving the discharge planning process [6] or using advanced practice nurses to provide transitional care [7] . However, many implemented integrated care programs failed to replicate results in clinical trials or rigorously conducted studies, casting reservation on further systemic implementation by policy makers [8] [9] [10] [11] . Therefore, it is of paramount importance that the evaluation and implementation of transitional care programs are reported in literature and centres learn from best practices and evidence.
A review of integrated care literature found that successful programs utilized multi-component interventions [6, 11, 12] and started early in the care cycle [8, 11, 13] , and concluded that single component interventions are inadequate to meet the challenges during transitions. In Singapore, evidence is emerging for transitional care programs. Successful programs include the national Aged Care Transition (ACTION) program [14] and a home care program that provided transitional care to functionally dependent patients [15] . The ACTION program utilized dedicated care coordinators to provide health coaching and self-management skills to vulnerable older adults. As guidelines instead of specific inclusion criteria was used for recruitment, recruited patients were more heterogeneous as indicated by the range of Charlson Comorbidity Index scores. The home care program showed promising reductions in acute hospital utilization but lacked a comparator group for more rigorous evaluation of its effectiveness [15] . Moreover, shorter term outcomes (i.e. 30-day outcomes) commonly associated with transitional care programs were not reported.
More recently, it has been proposed that care should be organized into integrated practice units (IPUs) around conditions and patient segments for primary and preventive care to provide value-based healthcare [16, 17] . Low et al. extended the IPU concept to a virtual ward intervention in a randomized controlled trial for patients at highest risk for readmission that was hugely successful in reducing readmissions, emergency department attendances and hospital length of stay [18] . An IPU contains distinct attributes including organizational structure, responsibility of care, and outcome measures.
To date, no programs utilizing the IPU concept for a patient segment of functionally dependent patients have been described. In this submission, we aim to evaluate the effectiveness of a Transitional Home Care program that applied the IPU concept (THC-IPU) in reducing 30-day readmission for patients with functional dependence admitted to the Singapore General Hospital (SGH). We hypothesize that the THC-IPU program will be effective in reducing the proportion of patients who had a hospital readmission within 30 days of enrolment into the program, as compared to a comparator group of patients who received standard hospital and community care. Additionally, we aim to evaluate the THC-IPU's effectiveness in improving acute hospital utilization (defined as readmission, emergency department attendance, and specialist outpatient clinic attendances) within 30 days and 90 days of enrolment into the program. Finally, we aim to identify patient subgroups that will benefit maximally from the THC-IPU program.
Methods

Study Design, Setting and Population
This was a retrospective cohort study comparing hospital utilization following discharge from an index hospitalization, between an eligible group of patients who accepted an offer of the THC-IPU program at the Singapore General Hospital (SGH) from During the index hospitalization (defined as the hospitalization preceding enrollment into THC-IPU program), patients are managed by their specialists in charge depending on their admitting diagnoses. Potentially eligible patients were identified by the attending team physicians and patient navigators. Patient navigators in SGH function as care coordinators to manage frequent hospital admitters and assist the ward teams in discharge planning. Potentially eligible patients are then referred by the physicians or patient navigators to the THC-IPU program during the hospitalization phase. Patients can also be referred in the immediate post-hospital discharge period if the need became more evident after the hospitalization or patients and caregivers verbalized an inability to cope after hospital discharge. Consequently, the THC-IPU program does not extend into hospitalization phase to provide upstream discharge planning.
Comprehensive medical and nursing assessment within two weeks of discharge
The first home visit will be performed by the THC doctor in conjunction with the THC nurse. The THC doctor is a junior physician supervised by a senior family physician. This doctor and nurse team will perform a comprehensive assessment of the patient's medical and nursing care needs to derive an individualized care plan. In addition, the competency of the care-giver, availability of nursing and home care equipment, adequacy of social support, safety of the home environment and adherence to medication will be assessed to identify social, home environment and functional care issues that can be optimized to support the patient's care at home. Based on the patient's medical, functional and social needs, the THC doctor will discuss on subsequent home visits by various team members during the multi-disciplinary team meeting (MDM).
Medication Reconciliation
At the home visit, the THC doctor will reconcile all of the participant's medication regimens to ensure that there are no discrepancies or duplication and to review each medication with the participant and/or their caregiver to ensure that they understand its purpose, instructions and potential adverse effects. Unnecessary medications are discontinued. During the MDM, pharmacists provide further advice on potentially harmful drug adverse events and interactions.
Patient and Caregiver Education using standardized action plans and videos
A core component of the THC nurse's role is in education and coaching of patients and their caregivers on selfmanagement. The nurse will impart knowledge about the causes, consequences, and management of co-morbid conditions to the patient and/or their caregiver by using standardized SingHealth action plans and education videos. Self-management of nasogastric tubes, indwelling urinary catheters will also be taught. In addition, the nurse will review potential red flags with the patient and/or caregiver that may indicate a worsening of their present state (e.g. fluid overload) or complications (e.g. infections).
Setting up a Personal Health Record
The personal health record is a patient-centered document that consists of the core data elements needed to facilitate continuity of the care plan across settings. The core data elements include an active problem list, active medications and hospital appointments, and a list of red flags that correspond to a worsening of the patient's current state or co-morbidities. Finally, the personal health record will include contact information of the THC nurse for the patient to contact in the event of emergencies. The patient and caregiver will be encouraged to maintain and to continually update the personal health record and to share this document with practitioners across health care settings.
Multi-disciplinary Team Meetings (MDMs)
Following the first home visit, the THC team members will discuss all new cases during the weekly MDMs to set goals to be achieved for the patient in next three months. The THC doctors and nurses will assign therapists and medical social worker to cases with functional, home environment and social care issues that can be optimized. The pharmacist will add further input to the medication reconciliation.
6. Dedicated nurse to do telephone follow up to maintain continuity of care
Scheduled calls to check in on the patients are made once a week. During each call, the nurse will review the patient's progress towards goals established during the initial home visit, discuss any encounters that may have taken place with other health care professionals and review any potential red flags. Throughout the intervention period, the nurses are contactable during office hours. Each nurse was responsible for an average of 30 patients at any time during the program.
Allied Health Services
Physiotherapy, occupational therapy, speech therapy and medical social workers are an integral part of the THC-IPU program. They participate in weekly MDM discussions on patients requiring allied health services in the transition period. Functional outcomes are tracked using the modified Barthel index by the therapists and not the focus of this study.
Subsequent Routine or Subacute home visits
During a planned routine visit, the doctor will review the goals set during the initial home visit, the competency of the care-giver, adherence to medication, the necessary nursing and home care equipment has been obtained, and the home environment has been optimized. Patients and/or their caregivers may contact the THC team to perform subacute visits when there is destabilization in the medical conditions. The THC nurse will triage the case to determine if a sub-acute visit is indicated. The team will perform a subacute visit within 48 hours and start treatment promptly to prevent an avoidable readmission.
Readmissions Review
All readmissions back to SGH will be reviewed by the THC doctor and nurse to facilitate discharge planning and early discharge whenever possible. All readmitted cases are reviewed for preventable causes. The team will perform a home visit within two weeks of discharge from the readmission.
Patients are discharged from the THC-IPU program at the end of three months or earlier if their health status is stable and can be transited to a suitable community care provider.
Control group
Patients who were assessed to be eligible for the THC-IPU program but declined to be enrolled when approached constitute the control group for this study. Common reasons for rejecting the THC-IPU program include cost, perceived lack of need and availability of pre-existing care providers. The control group received hospital standard of care when they are hospitalized. Patients are managed by their specialists in charge depending on their admitting diagnoses. Patients may be referred to various community services on discharge if deemed necessary by their primary team physicians. Continuing care post-discharge may be provided at the specialist outpatient clinics or a primary care provider identified by the primary team. The THC-IPU program would not be available for control group patients.
Outcomes
The primary outcome measure in this study is the proportion of patients who had a readmission within 30-days of enrollment into THC-IPU program. Secondary outcomes include the proportion of patients who had a readmission within 90 days of enrollment, and proportion of patients who had an emergency department (ED) attendance within 30 and 90 days of enrollment. As control group patients do not have an enrollment date, we used the index discharge date for comparison.
Statistical Analysis
We compared the baseline socio-demographics and acute hospital utilization rates between the control and intervention group using Chi-square for categorical variables and 2-sample t-tests for continuous variables. We also tested the differences in the continuous variables using the nonparametric Wilcoxon Rank Sum test because most of the variables were not approximately normal distributed. We reported the results from the parametric t-test when it is consistent with the nonparametric test and the results from the nonparametric Wilcoxon Rank Sum test when it is not.
To examine the effectiveness of the program in reducing the proportion of patients who had a hospital readmission, ED attendance, and specialist outpatient clinic attendances within 30 days of enrolment into the program, we applied a backward stepwise logistic regression model where the initial full model included all available baseline socio-demographic data and acute hospital utilization rates as independent variables in addition to the main predictor of treatment group. The independent variable with the largest p-value > 0.05 (except for treatment group) is removed from the model one by one until all the independent variables left in the model are significant. The stepwise procedure was repeated twice by varying the independent variables included in the initial model. We assessed each final model using the Hosmer-Lemeshow goodness-of-fit test and the Aikaike Information Criteria (AIC). The model which fits the observed data well and has the lowest AIC is selected as the best model. We presented the adjusted odds ratio for the intervention group as compared to the control group from the selected model.
We also conducted subgroup analyses to study the effectiveness of the program for different patient subgroups. We tested the significance of the interaction between treatment group and all other baseline variables to determine whether the odds ratio of having a 30 day admission/ED attendance/Specialist Outpatient Clinic (SOC) attendance vary significantly among subgroups of patients. With 21 interaction terms and three outcome measures, we could expect up to three statistically significant results (p < 0.05) due to chance. We reported the odds ratio and 95% confidence intervals for the various subgroups of significant baseline characteristics. All analyses were performed on STATA/IC 13.1.
Results
Patient Baseline Characteristics and Acute Hospital Utilization Rates
A total of 1,166 patients were included in the analysis, of which 625 were in the control group and 541 in the intervention group. Overall, the patients were elderly with a mean age of 79.1 years (standard deviation 11.1). There were more females than males (63.0% vs 37.0%) and a large majority of Chinese ethnicity (81.8%). More than a quarter of the patients lived in rental flats (27.4%). The severity of the patients' condition at baseline was measured using the Charlson Comorbidity Index and the median score was 3 and ranges from 0 to 20. The median length of stay (LOS) of the patients' index hospitalization is 6 days and ranges from 1 to 91.
The control and intervention group are comparable in terms of age and gender distribution ( Table 1) . There are some differences in the distribution of the ethnicity group (p = 0.001) and the proportion of patients living in rental flats (p = 0.041). Patients in the intervention group also have a significantly higher (p < 0.001) mean Charlson (SD 2.3) . The number of admissions and ED attendances in periods up to a year before index hospitalization are mostly comparable with the exception of 30 days pre-index where patients in intervention group have fewer admissions and ED attendances compared to the control group (p < 0.001 for both). Conversely, patients in the control group have fewer SOC attendances than patients in the intervention group for periods of 1 year, 180 days, 90 days and 30 days before index utilization (p = 0.026, 0.017, 0.017, 0.035 respectively).
Effectiveness of the THC-IPU Program
The percentage of patients within the intervention group having to utilize hospital resources within 30 days of index hospitalization is lower than the percentage of patients within the control group ( Table 2 ). The differences in percentage between control and intervention for admission (19.2% vs 13.1%) and ED attendances (19.8% vs 15.2%) are statistically significant (p = 0.005 and 0.037 respectively) whereas the differences for SOC attendances (45.8% vs 43.3%) is not statistically significant (p = 0.390).
The results are consistent after using the model building approach to adjust for confounders ( Table 3) . Patients in the intervention group are 38% less likely to have an admission 30 days after enrolment compared to the control group (adjusted odds ratio 0.62; 95% confidence interval 0.44 -0.86; p = 0.004). For ED attendances, they are also 33% less likely than patients in control group with an adjusted odds ratio of 0.67 (95% CI 0.49 -0.92; p = 0.013). Although not statistically significant (p = 0.090), patients in the intervention group are 19% less likely to have an SOC attendance 30 days after enrolment compared to the control group (aOR 0.81; 95% CI 0.63 -1.03).
Subgroup Analyses for Admission and ED Attendances
There were six interaction terms found to be statistically significant (p < 0.05), of which two were for the outcome of 30 days SOC attendances. As the overall difference for SOC attendances is not statistically significant, we did not present the results here.
For 30 days admission, there were significant differences in the odds ratio comparing intervention to control (p = 0.009) between different levels of patients' Charlson Score at baseline ( Table 4) 
Discussion
Our study showed that the THC-IPU program was associated with reduced likelihood of hospital readmission and ED attendance rates at 30 days and up till 90 days after hospital discharge, which is suggestive of a positive contribution from transitional care organized as an integrated practice unit. For both outcomes of 30-day hospital readmissions and ED attendances, subgroup analyses suggest that THC-IPU program was associated with reduced likelihood in patients with a Charlson score of 3 or more. This is consistent with literature that transitional care interventions should be targeted at patients of sufficiently high risk to benefit [11] . The effectiveness of a transitional care program is dependent on its intensity and duration [19] . Evidence suggest that high intensity transitional care intervention up to a duration of six months, is effective in reducing short term (30 days), intermediate term (31-180 days) and even long term (181-365 days) hospital readmissions [19, 20] . For high intensity transitional care interventions to be effective they should be multicomponent [8, 11, 13, 21, 22] and include at least care coordination by a nurse, communication between the discharging physician and the primary care provider as well as a home visit within three days of discharge [19] . The THC-IPU care bundle is considered a high intensity intervention as it includes the following components: case management and care coordination by nurses, home visit within two weeks of discharge, telephone follow up, self-management education and caregiver involvement. THC-IPU program could have prevented more hospital readmissions if home visits could be done earlier, within days of discharge.
Studies have suggested that interventions that start prior to and continue after discharge are more effective in reducing hospital readmissions [23] . Despite lacking the pre-discharge component, the THC-IPU program was effective in reducing short term hospital readmissions. This gap is made up by enhanced communication between the discharging hospital team and the THC-IPU team, as both teams are from the same hospital organization. Access to electronic hospital records allowed for seamless transition of care, and enabling the multi-disciplinary THC-IPU team to function effectively as the "primary care provider" and the single point of contact looking after the patients during the 3 months of transitional care. It is likely that the THC-IPU program could have been more effective if it extended upstream to include interventions such as hospital discharge planning and early patient education and activation [23] .
The THC-IPU program was associated with better outcomes in patients who are at higher risk of hospital readmission. This trend is also evident in other studies where patients who are more frail and with multiple comorbidities and functional disabilities benefitted most from home based interventions [24] . This suggests that the THC-IPU program is effective in targeting the intended population and hence should be offered to a selected population of high risk patients. The THC-IPU program was however, not effective in reducing SOC attendances. There is currently a lack of transitional care literature focusing on outpatient clinic attendances as an outcome. It is likely that the THC-IPU program was not adequately active in consolidating the patients' SOC attendances due to hesitancies in re-arranging appointments. Moreover, many patients will require continuing SOC follow up for their organ diseases after the completion of the 3 month THC-IPU program. Although we had carefully planned for the evaluation of the THC-IPU program, a randomized controlled trial study design was not feasible due to the service obligations of the hospital. It is possible and perhaps likely that patients who rejected to be enrolled into the THC-IPU program are not entirely comparable with patients who enrolled into the THC-IPU. However, we minimized such selection bias by collecting known confounders for 30-day readmission risk [25, 26] , and adjusted for these confounders in our stepwise logistic regression model.
Conclusion
Our study showed that delivering transitional care to a patient segment with functional dependence was associated with reduced likelihood of hospital readmission and ED attendance rates in this group of patients who might otherwise face difficulties in returning to hospital for follow ups. This is suggestive of a positive contribution in the form of home visits and organization of care as an IPU. Extending the program into the pre-hospital discharge phase to include discharge planning is likely to have incremental effectiveness in reducing avoidable hospital readmissions.
